Abstract: Objectives: Good maternal health and fetal development require sufficient and good quality of sleep during pregnancy. This study investigated sleep duration and quality in pregnant women, assessing factors with possibly influence on sleep. Method: A cross-sectional survey was conducted on pregnant women between June and August in 2015 in 16 hospitals in five provinces in China. A total of 2345 pregnant women aged 18 years and older were surveyed. Insufficient sleeping duration was defined as sleeping of less than 7 h per day. Excessive sleep duration was defined as sleeping of more than 9 h per day. Results: A total of 561 (23.9%) participants reported insufficient sleeping duration, whereas 485 (20.9%) claimed excessive sleep duration. A total of 358 (15.2%) of pregnant women reported problems regarding sleep quality. Compared to pregnant women with sufficient sleeping duration, those with insufficient sleeping duration were prone to have poor sleep quality, whereas those with excessive sleeping duration featured low possibility of poor sleep quality. High-risk groups of insufficient sleep duration include women of Han nationality, with siblings, in their first trimester of pregnancy, receiving care in low-capacity/quality hospital settings, and with daily or 1-3 days of secondhand smoke exposure. High-risk groups of excessive sleep duration include women living in rural areas, unemployed, in their third trimester of pregnancy, and receiving care in medium-capacity/quality hospital settings. High-risk groups of poor sleep quality include women of non-Han nationality, low income level, in their third trimester of pregnancy, and with insufficient sleep duration. Conclusions: Insufficient/excessive sleep duration and poor sleep quality commonly occur during pregnancy in China. Findings provide a better understanding of the influencing factors of insufficient/excessive sleep duration and poor quality of sleep. These findings have some implications for future interventions on sleep among pregnant women.
Introduction
Sleep problems have become an important public health issue [1] , and sleep problems, such as insufficient sleep duration and poor sleep quality, also become common during pregnancy [2] [3] [4] . Pregnant women are easily affected by sleep disruption, and deprivation and sleep disorders [5, 6] . A high prevalence of sleep disorder-related symptoms was detected in pregnant women in China [7] .
Insufficient sleep duration and poor sleep quality during pregnancy may increase the risk of adverse pregnancy outcomes, including growth restriction of fetus, and postpartum depression [8] [9] [10] [11] . Excessive sleep duration is associated with cardiovascular conditions [12] . Poor sleep quality and shorter/longer duration of sleep during pregnancy are independently associated with an increased risk of gestational diabetes [13] .
Previous studies showed that age and marital status [14] , low socioeconomic status [15] , employment during pregnancy [16] , number of pregnancies [17] , trimester of pregnancy [18] , passive smoking [19] , and smoking and drinking [20] , are associated with sleep duration among pregnant women. Previous studies showed that poor sleep quality was associated with various factors, including age [14] , low socioeconomic status [15] , at later stage of pregnancy [21] , higher education [22] , residence [7] , minorities [23] , and parity [24] , smoking and drinking [20] , sleeping duration of less than 7 h [25] among pregnant women. Poor sleep quality is also associated with rural residency among the general population [26] . To our knowledge, few studies reported influencing factors of insufficient/excessive sleep duration and their relationship with quality of sleep during pregnancy, especially among Chinese pregnant women. Previous studies found that the management of sleep disorders and poor sleep during pregnancy played important roles in health and well-being of pregnant women [22] , and that all women should be screened and treated for sleep disturbances throughout pregnancy [27] . Therefore, a better understanding of duration and quality of sleeping during pregnancy will aid clinicians in improving health management and facilitating timely intervention to prevent adverse maternal and fetal outcomes among pregnant women.
The aim of the present study was to assess insufficient/excessive sleep duration, sleep quality and their influencing factors (socioeconomic characteristics, current smoking and secondhand smoke exposure, and disease conditions) among Chinese pregnant women to address the following four research objectives:
To determine the factors affecting insufficient sleep duration among Chinese pregnant women; To identify the factors affecting excessive sleep duration among Chinese pregnant women; To identify the factors that affect poor sleeping quality among Chinese pregnant women; To clarify whether insufficient or excessive sleep duration poses serious consequences for sleep quality.
Materials and Methods

Research Methods
A previous study reported study design and methods, sampling framework, survey administration, and pilot study, population and sample, and the development of a questionnaire [28] . A cross-sectional survey was conducted among pregnant women who were admitted in 16 hospitals in five regions of Mainland China from June to August 2015. Participants included pregnant women who were examined in obstetrics clinics.
A total of 2400 women participated in the study, with a response rate of 97.76%. Among these respondents, 2345 answered all questions and were finally included in the analysis. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Chongqing Medical University (record number 2015008). All subjects provided informed consent for inclusion before participating in the study.
Questionnaire
Demographic and Socio-Economic Characteristics
Demographic data include the following: residence (urban/rural); per capita monthly income of family (low income(<¥4500)/medium income (¥4500-¥9000)/high income (>¥9000), 1 USD = ¥6.79 in June 2017); age (18-25/26-35/36-45 years); occupation (rural migrant workers/urban and rural unemployed, unemployed/industrial workers of non-agricultural registered permanent residence/individual business/business services staff/civil servants/senior manager and middle-level manager in large and medium enterprises/private entrepreneur/professionals/clerks/students/others); hospital capacity/quality (high/medium/low); nationality (Han nationality/minority); without sibling (yes/no); and marital status (unmarried/marriage/remarried/divorced/widowed). Pregnancy was divided into three trimesters (first/second/third trimester of pregnancy). Educational level was categorized as low (junior middle school or below), medium (senior high school, vocational, or technical secondary school), and high (university).
Current smoking was defined as women who smoke during pregnancy and was divided into non-smokers and smokers. Frequency per week of self-reported secondhand smoke exposure was divided into none-exposure, daily, 4-6 days per week, and 1-3 days per week. Chronic hepatitis B patients were assessed with the question, "Have you ever been told by a doctor, nurse, or other health professional that you have chronic hepatitis B?" Anemia and gestational diabetes mellitus were assessed using similar questions.
For multivariable analysis for the influencing factors of insufficient/excessive sleeping and poor sleep quality, employment status was categorized as manual (rural migrant workers/industrial workers of non-agricultural registered permanent residence/business services staff), non-manual labor (individual business/civil servants/senior manager and middle-level manager in large and medium enterprise/private entrepreneur/professionals/clerk/students), unemployed, and others.
Sleep Duration and Quality
The survey included one question about self-reported hours of sleep per day during pregnancy. "How many hours did you sleep per day?" was a closed question in which interviewees reported the number of hours of their sleep. Based on previous studies, we classified sleep hours into <7, 7-9, and >9 h per day [29] [30] [31] . Insufficient sleeping duration was defined as sleeping of less than 7 h. Sufficient sleeping duration was defined as sleeping between 7-9 h. Excessive sleep duration was defined as sleeping of more than 9 h. The survey included one question about self-reported quality of sleep. Participants were asked the question, "What is your quality of sleep during pregnancy?" Response options were "very good", "good", "average", "poor", and "very poor"; therefore, quality of sleep was divided into these five categories.
Data Analyses
Characteristics of participants were summarized using frequencies and percentages for categorical variables. We included variables with "insufficient/excessive sleeping duration and poor sleep quality" as the dependent variables in the regression model. The logistic regression model was established for the following factors affecting insufficient/excessive sleeping duration among pregnant women included the following variables: parity; nationality; with/without sibling; age; marital status; educational level; residence; per capita monthly income of the family; trimester of pregnancy; hospital capacity/quality; work; current smoking status; secondhand smoke exposure frequency per week; chronic hepatitis B condition; anemia; and gestational diabetes mellitus as the independent variables in the regression model. Ordered multivariate logistic regression was conducted for the following influencing factors of poor sleep quality among pregnant women, included the following variables: parity; nationality; with/without sibling; age; marital status; education level; residence; per capita monthly income of the family; trimester of pregnancy, hospital capacity/quality; work; current smoking; secondhand smoke exposure frequency per week; chronic hepatitis B patients; anemia; gestational diabetes mellitus; and sleeping duration as the independent variables in the regression model. All statistics were performed using two-sided tests, and statistical significance was considered at p < 0.05. All data analyses were performed using statistical software (SAS version 9.1.3; SAS Institute, Cary, NC, USA).
Results
Characteristics of Study Participants Stratified by Sleeping Duration Status
Among the 2345 participants, 1755 (74.8%) pregnant women were on their first pregnancy, and 590 (25.2%) were on their second pregnancy. The mean age was 28.1 years (SD 4.1 years), and 93 (4.0%) participants were ethnic minorities. A total of 561 (23.9%) participants reported insufficient sleeping duration, 1299 (55.4%) claimed sufficient sleep duration, and 485 (20.9%) experienced excessive sleep duration (Table 1) . 
Logistic Regression Model for Factors Influencing Insufficient and Excessive Sleep
A low possibility of insufficient sleeping duration was observed for the following pregnant women: those admitted to medium-capacity/quality hospital compared to those admitted to low-capacity/quality hospital (odds ratio (OR) = 0.33; 95% confidence interval (CI) = 0.21 to 0.54); those of non-Han nationality compared to those of Han nationality (OR = 0.45; 95% CI = 0.24 to 0.84); those without siblings compared with those with siblings (OR = 0.80; 95% CI = 0.65 to 0.97); and those in the second (OR = 0.66; 95% CI = 0.49 to 0.90) and third trimesters compared to those in the first trimester (OR = 0.65; 95% CI = 0.49 to 0.86). Pregnant women with 1-3 days secondhand smoke exposure were more likely to present insufficient sleeping duration compared to those without and daily exposure to secondhand smoke (OR = 1.43; 95% CI = 1.10 to 1.86) ( Table 2) .
A high probability of excessive sleeping duration was identified for the following pregnant women: those admitted to a medium capacity/quality hospital compared to those admitted to a low-capacity/quality hospital (OR = 2.57; 95% CI = 1.69 to 3.90); those who were unemployed compared to those employed (OR = 1.46; 95% CI = 1.13 to 1.88); and those in their third trimester compared to those in their first trimester (OR = 1.51; 95% CI = 1.07 to 2.13). Compared to those living in urban areas, those living in rural areas were less likely to present an excessive sleeping duration (OR = 0.64; 95% CI = 0.50 to 0.83) ( Table 2) . 
Ordered Multivariate Logistic Regression Factors Influencing Poor Sleep Quality
In the ordinal logistic regression analysis model, partial regression coefficient (ß) = Estimate and OR = e ß . Minorities were more likely to report poor sleep quality compared to those of Han nationality (95% CI (0.01, 0.81), p = 0.047). Women from middle-income level families (¥4500 and ¥9000) reported that they were less likely to report poor sleep quality compared to those from low income families (<¥4500) (95% CI (−0.42, −0.01), p = 0.034). Pregnant women in their third trimester were more likely to report poor sleep quality compared to those in their first trimester of pregnancy (95% CI (0.04, 0.52), p = 0.023). Compared to pregnant women with sufficient sleeping duration, pregnant women with insufficient sleeping were more likely to report poor sleep quality (95% CI (0.01, 0.40), p = 0.036), whereas those with excessive sleeping were less likely to report poor sleep quality (95% CI (−0.65, −0.25), p < 0.000) ( Table 4) . 
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Discussion
Insufficient/excessive sleep duration and poor sleep quality are common during pregnancy. Almost one out of four pregnant women reported insufficient sleep duration, about one out of five described excessive sleep duration, and almost one out of six experienced poor sleep quality. On 29 October 2015, China abolished its One Child policy, thus allowing married couples to conceive another child. This phenomenon implies that more women in China will enter pregnancy in the future. Many women sleep insufficiently partially due to a lack of knowledge of adverse effects of this habit on their health [10] . Education on proper sleep, sleep behavior, and sleep habits help pregnant women establish their healthy sleeping awareness. Further health education and promotion measures for pregnant women are needed for better sleep hygiene practices.
Women of Han nationality, with siblings, in their first trimester of pregnancy, receiving care in low capacity/quality hospital settings, and with secondhand smoke exposure all showed an increased prevalence of insufficient sleep duration during pregnancy. Non-Han nationality members presented less chances of insufficient sleeping time. Different ethnic groups showed significant differences. A previous study in America also showed that non-Hispanic whites presented normal sleep duration [32] . China is a multi-ethnic country with 56 ethnic groups. An ethnic minority autonomous region is a place inhabited by minorities. China comprises the Tibet Autonomous Region, Xinjiang Uygur Autonomous Region, Ningxia Hui Autonomous Region, Inner Mongolia Autonomous Region, Guangxi Zhuang Autonomous Region, and five ethnic minority autonomous regions. Therefore, future programs and interventions should be tailored for each specific ethnic group. This finding contributes to a deeper understanding of insufficient sleep duration among multi-ethnic pregnant women. This study found that women in the second and third trimester of pregnancy were less likely to have insufficient sleep duration. Additionally, women in their third trimester of pregnancy showed an increased prevalence of excessive sleep duration during pregnancy. A previous study conducted in Japan showed that excessive daytime sleepiness was significantly higher in an earlier trimester of pregnancy [18] . Almost all Chinese pregnant women with jobs were on maternity leave in the third trimester of pregnancy and, thus, they were more likely to have time to sleep longer. In addition, pregnant women in their third trimester presented higher chances of poor sleep quality than those in their first trimester of pregnancy [22] ; sleep in the third trimester of pregnancy is characterized by decreased sleep efficiency [27] , when women in their third trimester manifested poor sleep quality, they decreased sleep efficiency and, thus, reported longer sleep duration. These may explain why women in their third trimester of pregnancy showed increased prevalence of excessive sleep duration. Thus, health education and services (for example, regarding sleeping) are vital for the whole pregnancy. This study further confirmed better sleep quality of pregnant women without siblings than those with siblings [33] . Pregnant women admitted to low capacity/quality hospitals feature insufficient sleeping time. Different levels of hospital working environment can affect work ability of medical staffs [34] . Many pregnant women who seek treatment in low-quality hospitals feature less chances of receiving adequate health-related knowledge. As a consequence, pregnant women are poorly trained with regarding to sleep hygiene measures. This study further confirmed the association of passive smoking with increased sleep disturbance during pregnancy [19] . The dose-response relationship between passive smoking and sleep disorders is not clarified and passive smoking may increase sleep disturbance through nicotine's stimulating effect [35] , nicotine withdrawal during night sleep [36] , snore-related arousal [37] , and the effect on pulmonary function [38] . Secondhand smoke exposure is highly prevalent among pregnant women in China (estimates range from 38.9% to 75.1%) [39] . A relatively large portion of Chinese pregnant women are affected by adverse health effects of secondhand smoke exposure. Thus, tobacco control is important and urgent in China.
Women who received care in medium-capacity/quality hospitals were also more likely to report excessive sleep duration during pregnancy. Future studies need to address the causes behind this phenomenon. Unemployment was associated with excessive sleep duration, and this result is consistent with an international literature about both pregnant women and women in the general population [40] . In the current study, 24% pregnant women were unemployed, and this value is more prevalent in China. Additionally, women living in rural areas were more likely to report excessive sleep duration, National Bureau of Statistics of China reported that 43.9% of Chinese (more than 600 million) live in rural areas in 2015 [41] . Thus, Chinese pregnant women will be disproportionately affected by adverse health effects of excessive sleep duration. Providing support for sleep health services is necessary to make them available and accessible to pregnant women who are unemployed and live in rural areas.
Women with insufficient sleep duration reported increased prevalence of poor sleep quality during pregnancy; this result agrees with those of a previous study on middle-aged and elderly Chinese adults [26] . The present study also indicated that women with excessive sleeping duration were less likely to report poor sleep quality during pregnancy. To our knowledge, most previous studies focused on consequences of insufficient sleep duration on sleep quality. However, few focused on consequences of excessive sleep duration on sleep quality. Sleep quality in this study was self-assessed, and only one question was used to evaluate sleep quality. This evaluation index is subjective and, thus, lacks objective evaluation. Adverse consequences (such as gestational diabetes and cardiovascular diseases) of excessive sleep are relatively gradual; therefore, these changes cannot be reported subjectively. This study also indicated that those women with excessive sleeping duration may report good sleep quality and continually manifest this excessive sleeping behavior. Future studies that assess sleep quality and excessive sleeping duration are needed to confirm our findings. Further studies could use combined subjective and objective methods to measure sleep quality and further probe the relationship between excessive sleep duration and poor sleep quality.
Women of non-Han nationality, of low income level, and in their third trimester of pregnancy were all more likely to report an increased prevalence of poor sleep quality during pregnancy. Pregnant women in their third trimester were more likely to report poor sleep quality than those in their first trimester of pregnancy, coinciding with a previous study among pregnant women in Taiwan [22] . A possible reason is that considering the physical changes caused by pregnancy (such as changes in body weight, thickened neck, and waistline) [7] , women in their third trimester may be easily affected by these changes. During pregnancy, pregnancy-related hormones, such as progesterone, estrogen, cortisol, and oxytocin, gradually increase and, thus, may affect sleep quality in pregnant women [42] . This study showed that women from low-income level families experience poor sleep quality. General population surveys reported high risk for poor quality sleep among socio-economically disadvantaged individuals [43] . The present study indicated an association of low socioeconomic status with poorer sleep quality and fragmented sleep, coinciding with previous results among pregnant women at 10-20 weeks of gestation [25] .
This study presents some limitations. First, cross-sectional survey data did not permit a reliable inference of causality. Second, face-to-face survey administration design may lead to information bias. Respondents probably did not truthfully answer the questions. Third, the study was not nationally represented. The sample consisted of pregnant women in five regions, namely, Chongqing, Chengdu, Zunyi, Liaocheng, and Tianjin, China. Chongqing, Chengdu, and Zunyi are located in South China, whereas Liaocheng and Tianjin are in North China. Fourth, although we adjusted for several variables related to socioeconomic status (age, educational level, and income), residual confounding by other factors was still possible. Fifth, this study only recruited participants during the summer months. Lack of seasonal consideration serves as a limitation owing to many life habits, including sleep change by seasons. Considering that this survey was conducted in the summer months, the weather is hot, especially in Chongqing in July and August and, thus, possibly affected sleeping duration and quality of sleep among some participants. Sixth, a shortage of data sample from minorities possibly caused deviations among minority populations. Seventh, in this study, we did not include drinking behavior, physiology of pregnancy, and depressive and anxiety symptoms. Drinking is associated with insufficient sleep duration and poor sleep quality [20] . Depressive and anxiety symptoms were associated with sleep disturbances [44] . Additionally, quality of sleep measurement was self-reported, and only one question was used to evaluate sleep quality. This evaluation index is subjective and, thus, lacks an objective evaluation.
Conclusions
Insufficient/excessive sleep duration and poor sleep quality is common during pregnancy in China. Findings provide a better understanding of the influencing factors of insufficient/excessive sleep duration and poor quality of sleep among pregnant women. Future intervention programs should focus on these high-risk groups.
